Introduction

W
ith rising concerns over conservation and sustainable utilization of fishery resources, there is a global impetus to mitigate harmful impacts of fishing gear on the marine environment and to improve harvest efficiency through modifications or the design of new fishing gears, and through technological innovation (Glass et al. 2007) . Following the 'Code of Conduct for Responsible Fisheries' developed by the Food and Agriculture Organization of the United Nations (FAO, 1995) , Bjordal (2002) characterized the ideal fishing gear by using criteria such as high selectivity of target species, relatively low impact on non-target species and habitat, cost efficiency and product quality, amongst others. In this context, research on fishing gear It is evident from the past research that the performance of circle hooks is better than that of J hooks Kerstetter & Graves, 2006; Pacheco et al. 2011; Andraka et al. 2013; Huang et al. 2016) . For example, a study by Prince et al. (2002) evaluated the performance of circle and J hooks with the aid of indicators such as fishing success, hook location, physical damage and trauma on mainly Atlantic and Pacific sailfish. It was found that in terms of fishing success (fish hooked/ bite), hook location (minimized deep hooking and foul hooking) and physical damage (minimize hook-related bleeding) circle hooks performed better than of J hooks. In a comparative performance evaluation of circle hook
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Keywords: operational efficiency; economic performance; longline fishery; traditional fishery Pacheco et al. (2011) suggested that the use of circle hooks, in comparison with J hooks, has the potential to reduce fishing mortality of by catch species with minimal effects on the target species catch. In analyzing the performance of circle hooks in relation to J hooks and tune hooks based on the hooking rates of target and non-target species in the artisanal longline fisheries of Ecuador, Panama, and Costa Rica, Andraka et al. (2013) noted that sea turtle hooking rates were lower in case of circle hooks. Based on a review of recent research Huang et al. (2016) pointed out a potential conservation value as the shape of circle hooks contributes to the minimization of foul-hooking and injury to both fishes and bycatch species. In a study on the U.S. Atlantic coastal pelagic longline fishery that involves target (tuna and swordfish) and non-target species (billfish and sea turtles) Kerstetter & Graves (2006) noted that the use of circle hooks not only improved the survival of the non-target species but also had minimum effects on the catches of target species. The present paper evaluated this hypothesis for the case of a traditional small-scale fishery using hook status, catch composition and quality, hooking location, time and cost efficiency as performance indicators. It also extended this hypothesis by adding an economic indicator (i.e., gross economic benefits) and hypothesize that the use of circle hooks has the potential to yield better financial returns to fishers compared to J hooks.
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Considering this significance of research on fishing gear and designs, the main objective of this study is to analyse the operational efficiency, and economic performance of the J-hook and the circle hook used in the demersal longline fishery of Oman. In the context of Oman, there is a dearth of research on this subject matter and the basic information on such fishing practices is limited. Therefore, an appraisal of various aspects of operational efficiency of the selected fishing gear should provide vital information to the process of recommending environmentally friendly fishing gear, enhancing fishing efficiency through refinements, improving catch quality, and making informed management decisions for effective management of fisheries resources.
Longline fishing and related elements
Fisheries is an integral part of the traditional way of life in Oman and the traditional sector that refers to groups of small-scale fishermen employing a variety of traditional fishing gear and vessels (Al-Masroori et al. 2004) has been the dominant both in terms of total landings and value (about 86% in 1985-2013) . In addition, the traditional sector provides direct employment (both fulland part-time) of 44,521 fishermen (MAF, 2013) .
In Oman, longline fishing has been divided into two categories namely, traditional and industrial longlining. The industrial fishing by pelagic longliners began in Oman in 1989 and is mainly used to catch tuna and swordfish. These are steel vessels that can range in length from 40 to 60 m, and they fish in the high seas at distances of more than 20 nautical miles offshore. As part of the traditional category, demersal longlining (locally termed as AlShakah) is practiced by traditional fishers (MAF 2002) and the subsequent catch typically comprises of grouper (Epinephelus sp., Cephalopholis sp.), emperor (Lethrinus sp.), snapper (Lutjanus sp.), thicklip (Plectorhinchus sp.), and sea bream (Argyrops sp., Acanthopagrus sp.), amongst other species. The demersal longline consists of a mainline, branchlines and hooks in between two floats. The mainline is usually several hundred metres in length, with a diameter commonly ranging from 0.5 cm to 1 cm and is made of various types of multifilament (cotton, nylon, polyester or polypropylene) and monofilament (polyamide, nylon) materials. The most common hooks used in Omani demersal longline fisheries are the J-hook and the circle hook. However, it is noted that the circle hook has gained popularity despite a comparatively higher cost (2-3 times higher) associated with its use 1 . This popularity of circle hook could be due to a higher catch rate and better catch quality experienced by fishers compare to the traditional J-hook (Stengel and Al-Harthy, 2001 ). The demersal longline fishing is mostly carried out with the use of Fiberglass Reinforced Plastic (FRP)-fishing boats. Fishers use mackerel, sardine, cuttlefish and squid as bait which may be fresh, frozen or salted. The hook is central to longline fishing which consists of a shank, bend, point, barb and an eye (or ring) for attaching it to the branch line. The hook performs two functions: catching the fish and retaining it until it is safely landed on board the boat. The catching efficiency of a longline is defined as the proportion of target or commercial fish that are caught per unit number of baited hooks set. The daily catch (C) of a longline is therefore defined by the number of hooks that are set and hauled per day and can be expressed by the following equation (Bjordal & Lokkeborg 1996) :
where, n=number of hooks set and hauled per day, a 1 = proportion of hooks leaving the vessel with bait on, a 2 = proportion of hooks with bait loss caused by sea birds, a 3 =proportion of hooks with bait loss due to seabed scavengers, a 4 =proportion of hooks with bait loss due to small fish or non-target species that eat the bait without being hooked, a 5 =catching (hooking and retention) probability of target fish, and w=average weight of target fish.
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Various factors influence the catching efficiency namely, hook spacing and density of target species (Bjordal & Lokkeborg 1996; Skud & Hamley 1978) , bait type, quality and size (Bach et al. 2000; Johannessen et al. 1993) , hook design (Radcliffe 2005) , size of the hook, which is measured by gap width, shank length and wire dimension (Garry et al. 1999; Bjordal and Lokkeborg 1996) , material of the hook (iron, stainless steel), shape of the point, hook finish (colour and coating), and environmental factors such as tide, current, light, moon phase and the nature of the sea bed (ICES 1977) . Martian and McCracken (1954) found that bait size had a significant effect on catching efficiency, and longline experiments have demonstrated very different rates of effectiveness of squid, mackerel and herring for catching demersal fish. Halliday and Kenchington (1993) concluded that since the power of attraction is directly related to the size of the bait, it is important in selectivity studies to use a standard bait size. The wide gap hook with a very fine turned in point may be more successful in penetrating the inner mouth parts than a more conventional hook. Research done by Skud (1978) , Lokkeborg and Bjordal (1992) and Bjordal and Lokkeborg (1996) found that smaller hooks give higher catch rates than larger hooks.
In comparison with other frequently used fishing gear, the popularity of demersal longlining as mentioned in the literature, was due to economic efficiency labelled as lower cost per unit effort (Cai et al. 2005) , catching effectiveness (He et al. 1997) , delivery of better quality products (Lokkeborg & Bjordal 1992) , less fuel consumption (Bjordal 1988) , good species selective properties through the selection of hook type, bait type and fishing depth and ground (Clarke et al. 2002) , and little or no destructive impact on bottom habitats (Hareide 1995) .
Materials and Methods
A longline fishing experiment was carried out at Ra's Abu Rasas, south of Masirah Island (see Figure 1 for study location) from 2-23 December, 2004. The fishing ground Ra's Abu Rasas, was chosen for the experiment on the basis of familiarity gained by the first author through previous fishing experience, and access to local fishermen knowledge about the fishing ground which is essential for a successful deployment of the gear. Other variables such as depth, distance between locations, and proximity were also considered in selection. The experiments were conducted on-board a small FRP (Fibre Reinforced Plastic) fishing boat, measuring 9 m long × 2.5 m wide × 0.8 m draft, propelled by two 60 HP outboard Mariner engines. On-board fish finder and Global Positioning System (GPS) were used to decide on the fishing locations within Ra's Abu Rasas for deployment of the fishing gear. Three locations (1, 2 and 3), 2 to 4 nautical miles (nm) apart from each other, were selected with average depths of 50, 22 and 10 m respectively (Figure 1 ). The the seabed was characterised by patches of rocks, sand and coral (Stengel and Al-Harthy, 2001 ). Given their close proximity and similar seabed characteristics, it was assumed that the three locations were similar with respect to fish abundance. Each location was given a number from one to three and a location was randomly selected every day. For all three locations the same fishing gear was engaged throughout the study period.
A total of six demersal longlines were used daily in the experiment. Each longline consisted of a 124 m polyester (PES) multifilament main line with a diameter of 0.4 cm. Sixty monofilament branch lines were connected to each mainline via a number 2/0 swivel to prevent the fish rotating and tangling the branch line and the mainline. The length of each branch line was 80 cm with a 0.1 cm diameter. Each branch line was attached to the mainline 2 m apart and hence, hook spacing was also 2 m. At the end of each branch line there was either a circle hook or a J-hook, thus a total of 60 hooks per basket were used in the experiment. The features of the hooks used in the experiment are as follows: the J-hook size no. species in Oman. The J-hook was 5.3 cm in length with a 1.9 cm wide gap and the circle hook was 3.5 cm in length with a 1.4 cm wide gap. A 25 m polyethylene (PE) buoy line with a diameter of 0.8 cm was used. Around 3 kg of weight was used as a sinker at each end of the main line.
A total of 3,060 J-hooks and 3,060 circle hooks were deployed over 17 days. Each morning, 180 J-hooks and 180 circle hooks were deployed from six baskets in the selected location. Across all three fishing locations an equal number of circle and J-hooks were randomly deployed each day. Over the duration of the study 41.2% of the total number of hooks was deployed at location 1 and 29.4% were deployed at each of locations 2 and 3.
Each of the six baskets was given a number from one to six along with hook types for ease of identification. Each day of the experiment, the basket was selected in a random manner to avoid hook-selection bias. Frozen cuttlefish (Sepia spp.) was used as bait weighing about 10g. Each evening the hooks were baited for the following day's fishing experiment, and the baited longline was then refrigerated overnight. The longline set was deployed and hauled by hand in the direction of the prevailing tides. It was assumed that the bait-plume from one longline would not influence the attractiveness of any adjacent longline within the same fishing location. The experiments were usually conducted between 07:25 am and 12:00 noon, which is the normal operation time for coastal fishing boats at Masirah Island. The demersal longlines were set in the morning and the soak times for all experiments were two hours (a typical soak time for the coastal boats in Omani waters).
When a longline was hauled, each caught fish was recorded in terms of weight (kg), total length (cm), species (common and scientific name) and hook location. Information on hook status (e.g. hooks missing, damaged), gear condition (e.g. main line and branch line loss or damaged) and bait condition (loss, return) was also recorded for each set. Hooking locations were designated using the following terminology: corner of the mouth, jaw (upper and lower), gill, gut, eye and body. Additional information was also recorded such as fishing location (longitude, latitude, depth, and bottom characteristic), weather conditions, and operation time (deployment and hauling time).
Experimental data gathered from the three locations were analysed for individual location and for all location as a group. Total catches were standardized to daily catch per unit of effort (CPUE), defined as the number of fish caught per 100 hooks retrieved (no. of fish/100 hooks retrieved). Appropriate test statistics (i.e. χ 2 test, F-test, Tukey's Post Hoc Test) and analytical methods (i.e., ANCOVA) were used to examine various relevant hypotheses using the SPSS software. Considering the catch composition and species current market status, only for commercial species and dominant family category cases were statisticaly
Results
This section provides both location-specific and combined analytical results where relevant with particular reference to yardsticks used namely hook status, catch composition, hooking location, catch efficiency for total, commercial and dominant family species, gross financial returns from commercial species catch, and time efficiency.
Hook status: retrieval and loss
Of the total number of hooks deployed, approximately 10% of the gear involving both hook types was lost. About 5% of the total loss was assigned to missing sections of the mainline, while 24% was due to broken branch lines and the remainder was due to missing hooks. Due to gear loss or damage, 90% of the circle hooks and 89% of the J-hooks were retrieved.
A significant difference in hook status by hook types is noted (χ 2 =123.698, df =2, p<0.001), with more circle hooks retrieved with fish and less circle hooks with bait attached. Figure 2 depicts the hook retrievals by hook types with fish, bait, and without fish and bait. The proportion of hook status was comparatively higher for empty category for both hook types (Fig. 2) . In addition, statistical differences in the proportion of hooks with regard to hook status (i.e. empty, bait only, or fish) was detected among fishing locations (χ 2 =502.376, df 4, p<0.001). The proportion of retrieved hooks with bait attached was more for both hook types in location 2 and the proportion of empty hooks was less for both hook types at the same location. The highest proportion of retrieved circle hooks with fish attached (14.8%) was recorded in location 3. It is noted that hook losses Al-Qartoubi, Bose, Al-Masroori, Govender were similar among the three fishing locations and no significant difference was observed between locations (χ 2 =4.363, df 4, p=0.359).
Catch composition
There were total of 18 (14 commercial and 4 non-commercial) species in the observed catch consisting of 11 families (7 commercial and 4 non-commercial) ( Table  1) . Circle hooks caught 9 families whereas the J-hook caught all 11 families. Catches with both types of hooks were dominated by family Lethrinidiae and three species namely, Lethrinus microdon, Lethrinus nebulosus and Lethrinus lentjan. These 3 species together accounted for 53% and 62% of the total commercial catch by weight and number respectively. Catches of both hook types were dominated by Lethrinus microdon, which accounted for 38% and 48% of the total catch by weight and number respectively.
Hooking location
Of the total catch of commercial and non-commercial fish by both hook types, 65% of the fish were hooked in the corner of the mouth, 19% were hooked in the jaw, 11% were hooked in the gill, and 5% were hooked in the gut (Fig. 3) . There was a significant difference in hooking location for the total catch between hook types (χ 2 = 291.338, df =3, p<0.001). Approximately 90% of the total catch caught by the circle hook was hooked in the corner of the mouth and 21% were hooked in the similar position by J-hooks. The proportion of fish hooked in the jaw Circle hook versus J-hook: A case study of the Sultanate of Oman and gill using the J-hook was 38% and 29% respectively. There was a significant difference (χ 2 =15.708, df=6, p<0.015) in hooking location for the total catch with respect to fishing location, with a greater number of fish being hooked in the gill by both hook types at location 1 and a greater than expected number being hooked in the jaw at location 2. With respect to commercial species, there was a significant difference (χ 2 =248.49, df =3, p<0.001) in the hooking location by hook type but no significant difference was found (χ 2 =12.05, df=6, p<0.061) in hooking location with fishing locations. With respect to the dominant family (Lethrinidae), there was a significant difference in hooking location by hook types (χ 2 =153.896, df =3, p<0.001), with a greater number of catch being hooked in the corner of the mouth by the circle hook and a greater than expected number being hooked in the gut by the J-hook. Over 97% of the total catch of Lethrinidae by the circle hook was hooked in the corner of the mouth, but only 29% were hooked in this same position by the J-hook. Of the total catches of Lethrinidae by both hook types, around 71% were hooked in the corner of the mouth, 11% were hooked in the jaw, 13% were hooked in the gill and less than 5% were hooked in the gut. A significant difference (χ 2 =16.318, df=6, p<0.012) was also found in hooking location for the Lethrinidae catch by fishing location. In relation to the dominant species (Lethrinus microdon), a significant difference (χ 2 =89.807, df= 3, p<0.001) was noted in the hooking location for Lethrinus microdon by hook type but the same does not hold for fishing location (χ 2 =9.54, df 6, p<0.145).
Catching efficiency
Total catch
The average catching efficiency (± standard error) measured by equation (1) for the circle hook and the J-hook was 17.1±2.0 kg and 16.7±3.0 kg per 100 hooks retrieved, respectively. There was no significant difference in the mean catching efficiency of the total catch between hook type ( ANOVA: F value = 0.001, df=1, 96, p<0.976). Also, the difference in mean catching efficiency between hook type and location was not significant (ANOVA: F (hook type*locations) =0.002, df=2, 96 p<0.998). However, there was a significant difference in the mean catching efficiency for the total catch between the three fishing locations (ANOVA: F = 4.367, df=2, 96, p<0.015). Furthermore, the Tukey's HSD showed that this difference was significant between locations 1 and 2 (p<0.013).
A total of 581 fish were caught by the J-hook and circle hook with a combined total weight of 924.3 kg. The circle hook caught 50.7% of the total catch weight and 63% of the total catch number ( Table 2 ). There was a significant difference in the total catch weight by hook type (ANCOVA: F = 16.312, df =1, 574, p<0.001). The average catch per day was not affected by the difference in fishing days among the locations (ANCOVA: F = 0.181, df 1, 574, p = 0.670) and the difference in average catch per day between hook type and location was not significant (ANCOVA: F(hook type*location) = 0.278, df =2, 574 p <0.757). There was no significant difference (ANCOVA: F = 0.694, df =2, 574, p<0.500) in the total catch mean weight by fishing locations. There was a significant difference in length frequency distribution of the total catch between the two hook types (χ 2 = 67.229, df =4, p<0.001), with fish > 60 cm more likely to be caught using the J-hook than the circle hook and the circle hook more likely to have caught more small fish. There was also a significant difference (χ 2 = 32.240, df =8, p<0.001) in length frequency distributions for the total catch among the fishing locations, with more small fish (<31 cm) caught by both hook types at location 1 and more than expected large fish (>91 cm) caught at location 2.
Commercial catch
There was no significant difference in the mean catching efficiency of total commercial catch by hook type (ANO-VA: F = 0.001, df=1, 96, p<0.975). Also, the difference in mean catching efficiency between hook type and location was not significant (ANOVA: F (hook type*locations) = 0.004, df=2, 96, p<0.996). However, there was a significant difference in the mean catching efficiency for the total commercial catch between the three fishing locations (ANOVA: F = 8.004, df=2, 96, p<0.001). Furthermore, the Tukey's Post Hoc Test showed that this difference was significant between locations 1 and 2 (p <0.001) and location 1 and 3 (p<0.007). However, there were no significant differences noted in mean catch between location 2 and 3.
The commercial catch comprised 88% by weight and 92.6% by number of the total catch. There was a significant difference in catch weight by hook type (ANCOVA: F = 8.800, df=1, 531, p<0.003). The circle hook caught 94.7% by weight and 93.2% by number of the total combined catch (commercial and non-commercial). The difference in the number of fishing days among the loca- In all three fishing locations and for both hook types, 60% of the commercial catch measured between 31 -60 cm, 26% were < 31 cm and 14% were > 60 cm (Figure 4) . Between hook types the length frequency distributions of the commercial catch were significantly different (χ 2 =70.880, df =4, P<0.001). Circle hooks caught more than expected fish in the 31-60 cm size class. Fish larger than 60 cm were more likely to be caught using the J-hook than the circle hook and the circle hook caught more of the smaller fish.
Dominant family (Lethrinidae)
There was no significant difference (ANOVA: F = 0.001, df =1, 96, p<0.982) in the catching efficiency of the Lethrinidae by hook type. Also, the difference in average catching efficiency between hook type and location was not significant (ANOVA: F (hook type*locations) = 0.001, df= 2, 96, p<0.999). In addition, there was no significant difference in catching efficiency of the Lethrinidae catch among the three fishing locations (ANOVA: F = 2.366, df =2, 96, p<0099). There was a significant difference in the average total catch weight of Lethrinidae by hook type (ANCOVA: F = 12.931, df= 1, 352, p<0.001). The circle hooks caught on average 36.3% by weight and 46.3% by number of the total combined catch. The Lethrinidae catch accounted for 59.6% by weight and 66.7% by number of the total combined catch (commercial and non-commercial). In all three locations and for both hook types, 63% of the total Lethrinidae catch were in the range of 31 -60 cm, 30% were < 31 cm, and only 7% were > 61 cm in length. Between the hook types the length frequency distribution of Lethrinidae was significantly different (χ 2 = 22.783, df =2, p<0.001), with fewer small fish (< 31 cm) caught by the J-hook and the circle hook caught more than expected Lethrinidae 31-60 cm. With respect to Lethrinidae larger than 61 cm, both hook types caught similar numbers.
Gross financial benefits from the commercial catch
The total catch value of the commercial catch (excluding the protected (shark)Paragaleus sp. (Ducrocq 2004) ) from both hook types was OMR 354 or 0.500 OMR/kg (1 Omani Rial (OMR) = US $2.58, see Table 3 for details) and the share of the circle hooks is about 62% which is significantly different from the J-hooks (χ 2 =7.501, df =2, p<0.024). The total catch value of Lethrinidae from both hook types was OMR 237.9 or 0.49 OMR/kg. By hook type the value of the catch of Lethrinidae was significantly different at all three locations (χ 2 =8.032, df 2, p<0.018). At locations 2 and 3 the catch value for the circle hook was greater than that of the J-hook. The total value of the catch taken by the circle hook was 61%, however on a value per kg basis there was little difference between hook types. Lethrinus microdon was by far the most dominant commercially valuable species caught by both hook types with a total catch value of OMR 135.4 (Table 3 ). There was no significant difference across all three locations in the catch value of Lethrinus microdon by hook type (χ 2 = 5.186, df =1, p<0.075). The total catch of Lethrinus microdon from the circle hook accounted for 65% of the total catch value of this species. By location, the total catch value of this species, caught by the circle hook, was higher at all three locations.
Time efficiency
In relation to 'setting times' no significant difference was found in the time for either hook type (ANOVA: F = 0.397, df =1, 32, p<0.533) or between fishing locations (ANOVA: F = 0.629, df =2, 48, p<0.537). For both hook types at each location, the average setting time (± standard error) was 6.8 ± 0.2 minutes. There was no significant difference in the time required to haul a longline of either hook type (ANOVA: F = 2.269, df =1, 32, p<0.141) or between fishing locations (ANOVA: F = 0.632, df =2, 48, p<0.536). For both hook types at each location the average hauling time (± standard error) was 14.3 ± 0.4 minutes.
Discussion
The results suggest that circle hook performs better than its counterpart in relation to various yardsticks. While the locational difference noted with regard to hook status, the overall finding from this study is in favour of circle hook as more circle hooks retrieved with fish. This is consistent with the results obtained by Willey et al. (2016) . Willey et al. (2016) found that circle hooks performed better than J hooks with regard to both hooking and capture rate. The economic implication of this finding is that circle hook has the potential to fishing success involving commercial species as indicated by the results of catch composition which can improve returns from fishing operations, other things being equal.
The proportion of retrieved J-hooks with bait attached was almost double the proportion of circle hooks with bait. This, perhaps, suggests that the baited J-hook may have been less attractive to fish because the shank of the hook is longer and more exposed. There was no indication of bait loss to seabirds, turtles or sea mammals. It is possible that small fish or crustaceans could have eaten the bait without being hooked. Also, this could be a result of the lack of experience of the crews in correctly baiting circle hooks, which may have resulted in poorer bait retention on the hook.
During the experiment both hook types were lost on occasion because of missing mainline section, missing branch lines, or missing hooks only. Compared to the J-hook, the circle hook had a relatively low proportion of gear loss which has direct bearing on the cost of fishing. One of the reasons for losing branch lines and hooks might relate to the characteristics of fishing locations, which are characterised by patchy regions of coral reefs and rocks. In contrast to the circle hook, the J-hook has an exposed point which may increase its potential for fouling on rocks and coral. The other reason might be related to sea conditions, which were unpredictable and fluctuated between calm and rough and thus resulted in high current tension on the gear.
Although this study was conducted after the monsoon season, generally regarded as a good fishing season, the numbers of commercial and non-commercial fish caught by both hook types at all three fishing locations were relatively lower than that from normal commercial fishing operations. The reasons for this low catch rate could be related to several factors including environmental factors (e.g. wind, current, temperature and depth), biological factors (e.g. species diversity, fish habitat preference), engineering factors (e.g. fishing gear constructions), and human factors (e.g. skill and experience of the skipper and crew) (Bjordal & Lokkeborg 1996) .
With regard to the total catch, where the commercial catch is significantly higher than the non-commercial catch, the effectiveness of the circle hook is significantly higher than the J-hook. The implication of this finding is that in the absence of any limit on output (that is, total allowable catch) in the fishery and given equal soak time for both hook types, the circle hooks are financially more desirable to fishers than J-hooks. This is, perhaps, one of the main reasons of circle hook increased popularity among traditional fishers in recent years.
Al-Qartoubi, Bose, Al-Masroori, Govender The significant difference in hooking location indicates that circle hooks cause less hooking damage than the J-hooks because a majority (98%) of the fish caught by the circle hook were hooked in the corner of the mouth and jaw. findings from other studies (for instance, see (Grover et al. 2002 , Lukacovic & Uphoff 2002 , Skomal et al. 2002 . There are a number of claims in support of circle hooks with particular reference to hooking status, injuries (Cooke & Suski 2004 ) and mortality (Muoneke & Childress 1994) . The circle hook increases survival because circle hooks predominantly catch in the jaw, whereas the J-hook catches more fish in the gut (Trumble et al. 2002) . For example, in a study on red drum by Thomas et al. (1997) , it was found that the hooking mortality rate for the circle hook was 3% and for the J-hook was 7%. In investigating the capture efficiency and injury rate of walleyes circle Jones (2011) found that the strike-specific injury rate of circle hooks (0.12 injuries/ strike) was significantly lower than that of J hooks (0.27 injuries/strike). In assessing the role of circle hooks in conservation and fisheries management based on case studies and literature review Cooke & Suski (2004) observed that the incidence of hooking mortality was considerable lower for circle hooks than J hooks. In a quantitative review of literature with particular reference to commercial and recreational hook-and-line fisheries Serafy et al.(2009) noted that higher rates of mortality, deep hooking and bleeding were associated with J-hooks relative to circle hooks. Because of relatively minimum injuries and less mortality rates (including incidence of bleeding and ease of hook removal) associated with circle hooks, the use of circle hooks was promoted as a potential conservation tool for both target and non-target species (Cooke et al. 2003; Kerstetter & Graves, 2006; Andraka et al. 2013; Huang et al. 2016) The economic implication is that fish caught with less physical damage by the circle hook remain fresh and are more likely to command a better market price (Hareide 1995) and hence better financial returns for traditional fishers. Kerstetter & Graves (2006) argued that by reducing the catch of non-target and bycatch species the use of circle hook may also increase time efficiency by saving crew time and hence vessel operation costs. The management implication of this result is that the use of circle hooks may be encouraged by the management authority through a regulatory measure for conservation of fisheries resources that involve both target and non-target species. Andraka et al. (2016) mentioned that circle hooks have been proposed in nine Eastern Pacific Ocean countries as a way to mitigate the problem of sea turtles by-catch. The present study involves only three locations, and replication of this experiment is recommended to ensure the validity of the results and thus make effective management decisions.
The catching efficiency of the total catch (commercial and non-commercial) for both hook types was 16.9 kg per 100 hooks retrieved and the difference in catching efficiency between the circle hook (17.1 kg/100 hooks retrieved) and the J-hook (16.7 kg/100 hooks retrieved) was not statistically significant. These figures are considerably higher than those reported by Pajot & Weerasooriya (1980) in Sri Lanka (4.6 kg per 100 hooks) and by Kihedu et al. (2001) in Tanzania (5.8 kg per 100 hooks). The total catch (commercial and non-commercial) weight for circle hook was relatively higher than that of the J-hook. Although no significant difference methods found in total catch number among the two hook types, the same is not true for the total catch weight. This implies that, other things being equal, the higher catch weight offers higher revenue for fishers. With regard to the total catch value of the commercial catch the circle hook performed better than the J-hook. The average unit (kg) price was also higher for the catch of the circle hook because more highly valued species where caught with this hook and fish were less damaged Thus circle hook has the potential of generating higher financial benefits to fishers. A comparative study by Özgül et al. (2015) on circle hook (kahle hook) and J-hook baited with sardine in the pelagic longline fishery of Turkey, it was found that the overall catch-per-unit-effort (CPUE) for all fishes involving circle hook was about two-times higher than that of J-hook.
Conclusion
This paper examines the performances of the circle hook and the J-hook generally used by the traditional Omani fishers for demersal longline fishing. The results from this experimental research suggest that the overall performance -measured with various operational yardsticks (i.e. hooking status and location, catch composition and quality, catching efficiency, and time and cost efficiency) -of the circle hook surpasses that of its counterpart. The results also indicate that the use of circle hook has the potential to yield better financial returns which is in harmony with one of the strategic goals -'to increase traditional fishers' income'-of the sector as stipulated in the 7th five-year plan (MNE, 2007) . It is acknowledged that reliance only three fishing locations may restrict the scientific generalizations. Replication of this experimentation may help ensure the validity of the results and thus make effective management decisions. Also, there is a need to gather more evidence through further trial by varying the parameters of interest such as hook size and shape, bait type and size, water columns, location, and season to evaluate the efficiency and selectivity of longline gear.
At the same time, here is an opportunity to involve local fishers in such research activities which has the potential to play an important role in generating community awareness about the possible benefits of this type of research and in fostering community responsibility.
